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CARBURETOR SYSTEM FOR OUTDOOR
POWER EQUIPMENT

BACKGROUND

The present invention relates generally to the field of car-
buretor systems. More specifically, the present invention
relates to carburetor systems for engines configured to run
outdoor power equipment, such as snow throwers.

Snow throwers and other types of outdoor power equip-
ment are typically driven by an internal combustion engine.
The engine includes a carburetor, which adds fuel to air
flowing through the engine for combustion processes occur-
ring within the engine. The carburetor includes a passageway
through which air typically tlows from an air cleaner or filter
to a combustion chamber of the engine.

Along the passageway, the carburetor includes a venturi
section having a constricted area, where the cross-sectional
area orthogonal to the flow of air through the carburetor 1s
reduced relative to portions of the passageway before and
after the constricted area. The carburetor further includes a
nozzle in or near the venturi section that 1s 1n fluid commu-
nication with fuel.

Constriction of the passageway through the venturi section
increases the velocity of air passing through the constricted
area, which generates low pressure at the nozzle. The low
pressure pulls fuel through the nozzle and 1nto the air. The fuel
mixed with the air 1s then burned 1n the combustion chamber
to power the engine, which 1n turn drives a crankshaift that
powers the auger of the snow thrower.

SUMMARY

One embodiment of the mvention relates to a carburetor.
The carburetor includes a passageway having a constricted
section, a nozzle directed into the passageway proximate the
constricted section, and a shaft having a surface that at least
partially defines the constricted section. The nozzle 1s con-
figured to deliver fuel to air passing through the passageway,
and the surface includes a contour that 1s configured to be
moved relative to the passageway to change the area of the
passageway through the constricted section.

Another embodiment of the invention relates to an engine,
which includes a fuel tank, a well configured to hold fuel
delivered from the fuel tank, an air intake, a combustion
chamber, and a passageway configured to channel air from
the air intake to the combustion chamber. The passageway
includes a surface at least partially defimng a constricted
section of the passageway, where the surface 1s configured to
be adjusted to change the area of the passageway through the
constricted section. The engine further includes a nozzle, a
vent configured to connect the well with outside air, and a
variable restrictor configured to limit the connection provided
by the vent between the well and outside air. The nozzle 1s in
fluid communication with the well and 1s directed into the
passageway proximate to the constricted section, which pro-
vides a relative low pressure in air passing through the pas-
sageway that draws fuel from the nozzle to the air. The degree
of restriction provided by the variable restrictor 1s a function
of the area of the constricted section of the passageway.

Yet another embodiment of the invention relates to outdoor
power equipment, which includes a frame, wheels coupled to
the frame, a fuel tank, and an engine mounted to the frame.
The engine includes an air intake, a combustion chamber, and
a passageway configured to channel air from the air intake to
the combustion chamber. The passageway has a surface at
least partially defining a constricted section of the passage-
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way, where the surface 1s configured to be adjusted to change
the area of the passageway through the constricted section.
The engine further includes a well configured to hold fuel
delivered from the fuel tank, and a nozzle 1n fluid communi-
cation with the well and directed mto the passageway proxi-
mate to the constricted section of the passageway. The con-
stricted section of the passageway provides a relative low
pressure 1n air passing through the passageway that draws
fuel from the nozzle to the air. The outdoor power equipment
further includes a rotating tool driven by the engine, and a
control interface configured to allow an operator to adjust the
surface at least partially defining the constricted section of the
passageway when the engine 1s in a wide-open throttle con-
figuration, which changes the area of the passageway through
the constricted section.

Alternative exemplary embodiments relate to other fea-
tures and combinations of features as may be generally
recited 1in the claims.

BRIEF DESCRIPTION OF THE FIGURES

The disclosure will become more fully understood from
the following detailed description, taken 1n conjunction with
the accompanying figures, 1n which:

FIG. 1 1s a perspective view of a snow thrower according to
an exemplary embodiment of the invention.

FIG. 2 15 a perspective view of an engine according to an
exemplary embodiment of the invention.

FIG. 3 15 a perspective view ol a carburetor 1n a first con-
figuration according to an exemplary embodiment of the
invention.

FIG. 4 1s a perspective view of the carburetor of FIG. 3 1n
a second configuration.

FIG. 5 1s a schematic view of a locking system for a car-
buretor 1n a first configuration according to an exemplary
embodiment of the mnvention.

FIG. 6 1s a schematic view of the locking system of FIG. 5
in a second configuration.

FIG. 7 1s a schematic view of a carburetor according to
another exemplary embodiment of the invention.

FIG. 8 15 a sectional view of vent passages of a carburetor
in a first configuration according to an exemplary embodi-
ment of the imvention.

FIG. 9 1s a sectional view of the vent passages ol FIG. 8 1n
a second configuration.

FIG. 10 1s a schematic view of a control system for a
carburetor 1n a first configuration according to an exemplary
embodiment of the mnvention.

FIG. 11 1s a schematic view of the control system of FIG.
10 1n a second configuration.

DETAILED DESCRIPTION

Belore turming to the figures, which illustrate the exem-
plary embodiments 1n detail, 1t should be understood that the
present application 1s not limited to the details or methodol-
ogy set forth i the description or illustrated 1n the figures. It
should also be understood that the terminology 1s for the
purpose of description only and should not be regarded as
limiting.

Referring to FIG. 1, outdoor power equipment in the form
of a snow thrower 110 includes a frame 112, wheels 114
coupled to the frame 112, an engine 116, and fuel tank 118.
The snow thrower 110 further includes a rotating tool 1n the
form of an auger 120 that 1s configured to be driven by the
engine 116. A control interface in the form of one or more of
a throttle lever 122, on/off switch, and drive settings, or other
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teatures 1s coupled to the frame 112. While FIG. 1 shows the
snow thrower 110, in other embodiments, outdoor power
equipment may be in the form of a broad range of equipment,
such as a walk-behind or driving lawnmower, a rotary tiller, a
pressure washer, a tractor, or other equipment using an
engine.

Referring to FIG. 2, an engine 1n the form of a small,
single-cylinder, four-stroke cycle, internal combustion
engine 210 includes a fuel tank 212, an engine block 214, an
air intake 216, and an exhaust 218. Interior to the engine 210,
the engine 210 includes a passageway 220 configured to
channel air from the air intake 216 to a combustion chamber
222. Along the passageway 220, fuel 1s mixed with the air 1n
a carburetor 224 or other fuel injection device. Combustion in
the combustion chamber 222 converts chemical energy to
mechanical energy (e.g., rotational motion; torque) via a pis-
ton, connecting rod, and crankshaft, which may then be
coupled to one or more rotating tools (e.g., blade, alternator,
auger, impeller, tines, drivetrain) of outdoor power equip-
ment.

Referring now to FIGS. 3-4, a carburetor 310 for an engine
(see, e.g., engine 210 as shown 1n FIG. 2) includes a throat
312 (e.g., conduit, passage, tlow path) and, in some embodi-
ments, at least one plate 314 (e.g., throttle plate, choke plate,
both throttle and choke plates) configured to function as a
butterfly valve to control the flow of air, or a mixture of fuel
and air, through the carburetor 310. In FIGS. 3-4, the plate
314 1s 1n an open configuration (e.g., wide-open throttle).
According to an exemplary embodiment, the throat 312 of the
carburetor 310 1s positioned along a passageway extending
from an air intake of the engine to a combustion chamber of
the engine (see, e.g., passageway 220 as shown 1n FIG. 2).

The carburetor 310 15 coupled to (e.g., i fluid communi-
cation with) a fuel tank (see, e.g., fuel tank 118 as shown 1n
FIG. 1) by way of a fuel line or other conduit. The fuel tank
may be mounted to the engine, integrated with the engine, or
positioned on a frame of outdoor power equipment apart from
the engine. In some embodiments the carburetor 310 includes
a bowl 316 (e.g., container) that recerves fuel from the fuel
line. In some such embodiments, a tloat coupled to a valve 1s
used to regulate the flow of fuel from the fuel line 1nto the
bowl 316. From the bowl 316, the fuel 1s delivered to a well
318 of the carburetor 310 (e.g., emulsion tube well), which 1s
also coupled to a vent 320 and a nozzle 322. In some embodi-
ments, air flows into the well 318 through the vent 320 and
mixes with the fuel. Another vent 324 may be coupled to the
bowl 316.

According to an exemplary embodiment, the carburetor
310 includes a constricted section 326 (e.g., narrower seg-
ment, venturi) integrated with the throat 312 that 1s bordered
by wider portions of the passageway. The nozzle 322 of the
carburetor 310 1s directed 1nto the passageway proximate to
the constricted section 326, such as along the portion of the
passageway closely followmg the most constricted portion of
the constricted section 326. As air flows along the passageway
through the carburetor 310, the velocity of the air increases
through the constricted section 326. The increase 1n velocity
corresponds to a decrease 1n pressure, which acts upon the
nozzle 322, drawing fuel through the nozzle 322 and into the
flow of air through the passageway.

According to an exemplary embodiment, the carburetor
310 further includes a surface 328 that at least partially
defines the constricted section 326. The surface 328 1s con-
figured to be adjusted to change the area of the passageway
through the constricted section 326. In some embodiments,
the surtface 328 1s at least a portion of a contour on a shaft 330.
As the shaft 330 1s moved relative to the passageway, the
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4

orientation or position of the contour 1s changed relative to the
passageway, which changes the shape of the surface 328 and
the corresponding area of the constricted section 326 of the
passageway.

In some embodiments, the surface 328 includes a section of
the shatt 330. In such embodiments, the shatt 330 1s substan-
tially cylindrical, but includes a recess 332 (e.g., cut, open
portion) on a side of the shait 330 (FIG. 4). The surface 328 of
the shaft 330 that at least partially forms the constricted
section 326 of the passageway changes as the shait 330 1s
moved (e.g., rotated, translated ) relative to the passageway. In
a first configuration (e.g., normal mode), the recess 332 1s not
exposed to the passageway (FIG. 3), which corresponds to
greater air tlow restriction of the constricted section 326. In a
second configuration (e.g., power boost, boost mode), the
recess 332 1s exposed to the passageway (FIG. 4), which
corresponds to lesser air flow restriction of the constricted
section 326. In contemplated embodiments, the surface that
adjusts the area of the constricted section 1s on the end of a
shaft, which 1s translated relative to the passageway to change
the area of the constricted section.

In the second configuration, the carburetor 310 allows for a
greater volume of air to flow through the passageway by
reducing the restriction provided by the constricted section
326. However, the velocity of air through the constricted
section 326 may correspondingly be reduced, decreasing the
vacuum experienced at the end of the nozzle 322 that 1s open
to the passageway. In some embodiments, a vent connecting
the well 318 to outside air 1s at least partially restricted when
the carburetor 310 1s 1n the second configuration, which 1s
intended to increase the amount of fuel pulled through the
nozzle 322, by decreasing the flow of outside air into the well
318 in response to suction from the nozzle 322. Instead, a
greater amount of fuel 1s pulled into the well 318 from the
bowl 316 1n response to suction from the nozzle 322. In
addition, less air 1s available to mix with the fuel that exits the
nozzle 322. In contemplated embodiment, a variable restric-
tor 1s integrated with the nozzle, the bowl, the fuel line, or
another part of the engine to adjust the flow rate of fuel or air
to compensate for changes 1n air pressure through the con-
stricted section 326 of the passageway.

Referring to FIGS. 5-6, a locking system 410 (e.g., inter-
lock, blocking system) 1s configured to limit the ability to
change the area of a constricted section 412 of a passageway
414 when a throttle plate 416 of the passageway 414 1s not 1n
the wide-open throttle position. For example, the area of the
constricted section 412 may be locked and thereby not able to
be manually adjusted when the throttle plate 416 of the pas-
sageway 414 1s not in the wide-open throttle position. The
locking system 410 may be mechanically, electrically, pneu-
matically, or otherwise controlled, and may include interfer-
ing gears, locking solenoids, releasable hooks, sliding
latches, or other components for interlocking parts or limiting
movement.

According to an exemplary embodiment, the locking sys-
tem 410 1s mechanically-controlled via interaction of cams.
In FIG. 5, a first cam 418 coupled to the throttle plate 416
interferes with a second cam 420 coupled to a vertical shaft
422 extending through a portion o the constricted section 412
of the passageway 414. When the throttle plate 416 1s rotated
to an open configuration (e.g., wide-open throttle) as shown
in FIG. 6, the first cam 418 no longer interferes with the
second cam 420. An operator or controller of the shatt 422 1s
able to rotate the shait 422 counterclockwise, to change the
portion of the shaft 422 that 1s exposed to the passageway 414,
and thereby change the area of the constricted section 412. In
some embodiments, the second cam 420 includes two parts
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that allow for free rotation in one direction, while interlocking,
to hold the shape of the second cam 420 when rotated 1n the
opposite direction. For example, the two parts of the second
cam 420 allow the second cam 420 to freely rotate clockwise
to return the second cam 420 to the position of FIG. 5 from the
position of FIG. 6, even 1f the first cam 418 1s already 1n the
position of FIG. 5.

Referring to FI1G. 7, a carburetor 510 for an internal com-
bustion engine includes a flow path for air passing between an
air 1ntake and a combustion chamber of the engine. The
carburetor includes a choke plate 516, a throttle plate 518, and
a constricted section 520. A nozzle 522 1s open to the flow
path proximate to the constricted section 520 and 1s config-
ured to supply fuel to air passing through the carburetor 510.
According to an exemplary embodiment, the fuel 1s provided
to the nozzle 522 from a well 512 1n the carburetor 510, which
1s 1n communication with a bowl 514 of the carburetor 510.

According to an exemplary embodiment, the carburetor
510 includes a shaift 524 that forms a surface 526 of the
constricted section 520 of the tlow path. As shown 1n FIG. 7,
the shatt 524 1s oriented horizontally with respect to the tlow
path and includes a contour 528 associated with the con-
stricted section 520. According to an exemplary embodiment,
the contour 528 1s a segment of a spiral, where the radius of
the contour 528 continuously decreases from one angular
position to the other about the shaft 524 (1.e., from one end of
the contour 528 to the other about the shait 524). As the shaft
524 1s rotated relative to the flow path, the amount of the
surface 526 protruding into the constricted section 520 of the
flow path decreases, which widens the constricted section
520. Use of a spiral segment or other continuously variable
geometry allows for a continuously variable area of the con-
stricted section 520, which may facilitate optimization of the
flow path for a given load on the engine, reducing carbon
emissions, improving engine performance (e.g., create more
power, improved start-ability, and improved “load pickup” or
response to changes in load), and increasing fuel efficiency.

According to an exemplary embodiment, the shaft 524 1s
biased to a first orientation, which corresponds to a narrower
area of the constricted section 520. In some embodiments, the
shaft 1s biased by a torsion spring 530 coupled to the shait
524. In other embodiments, a coil spring or other elastic
member 1s coupled to a side or end of the shaft 524 to bias the
shaft 524 1n the first orientation. In still other embodiments,
the end of the shait 524 includes a moment arm with a biasing
spring or other elastic member, or weight. Bushing, bearings,
end pins, and other constraints may be used to limit or facili-
tate rotation of the shaft.

In some embodiments, the carburetor includes a locking
system 532. According to an exemplary embodiment, the
locking system 332 includes a cam 3534 and a slot 536. The
cam 534 1s coupled to the throttle plate 518 and the slot 536
(e.g., ledge, lip, flange) 15 integrated with the shaft 524. If the
throttle plate 518 1s at least partially closed, the cam 534 1s
positioned 1n the slot 536, interlocking the cam 534 and slot
536 to limit the ability to rotate the shatt 524. If the throttle
plate 518 1s moved to the wide-open throttle position, then the
cam 534 1s positioned outside of the slot 336, and the shaft
524 1s free to rotate. A peg 538 or other surface in a seat 540
or other constraint may prevent the shait 524 from rotating
beyond set limits. An operator or controller can rotate the
shaft 524 counterclockwise via a linkage 542.

In contemplated embodiments, a carburetor includes a
plate having a curved surface that translates relative to the
constricted section of the carburetor, or a disk having a vari-
able shape on the periphery of the disk. As different portions
of the surface interface with the tlow path through the carbu-
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retor, the area of the constricted section changes. In still other
contemplated embodiments, a belt 1s used to expand or con-
tract a flexible or moveable surface that forms the constricted
section of the carburetor. The area of the constricted section 1s
inversely related to tension 1n the belt. In other contemplated
embodiments, two or more shafts are used in combination to

change the area of a constricted section of the flow path. The
shafts may be mechanically coupled to one another.

Referring now to FIGS. 8-9, a structure of an engine, such
as a wall 612 of a carburetor 610, includes a first vent 614
(e.g., conduit, passageway, flow path, channel) and a second
vent 616. According to an exemplary embodiment, the first
vent 614 connects a well of the carburetor (see, e.g., well 512
as shown in FIG. 7) to outside air (e.g., air at atmospheric
pressure, air flowing through the engine prior to passage
through the constricted section of the carburetor), and the
second vent 616 connects the bowl (see, e.g., bowl 514 as
shown in FI1G. 7) of the carburetor 610 to outside air. Air {from
the first vent 614 1s added to fuel in the well, and the combined
mixture 1s delivered to air passing through the carburetor 610
by a nozzle (see, e.g., nozzle 522 as shown 1n FIG. 7).

According to an exemplary embodiment, low pressure
from a constricted section integrated with a main tlow path
(see, e.g., constricted section 520 as shown 1n FIG. 7) through
the carburetor 610 provides suction to draw fuel (and alr)
through the nozzle. As the tuel 1s removed from the well via
the nozzle, additional fuel 1s delivered to the well from the
bowl and additional air 1s delivered to the well from the first
vent 614. The ratio of additional fuel to additional air deliv-
ered to the well 1s a function of the amount of resistance to
flow (e.g., drag, iriction, change in moment) provided
between the bowl and the well, the amount of resistance
through the first vent to the well, the relative viscosities of fuel
and air, as well as other factors. All other things being equal,
as the resistance through the first vent 614 is increased, a
greater amount of fuel will be delivered from the bowl to the
well 1n response to vacuum pressure from the nozzle, and vice
versa.

According to an exemplary embodiment, the carburetor
610 includes an adjustable surface (see, e.g., surface 526 as
shown 1n FIG. 7) of the constricted section. In some embodi-
ments, the surface may be manually adjusted, such as by way
of a linkage to a control lever or button. In other embodi-
ments, the surface 1s automatically controlled, such as by a
teedback system that is responsive to loading on the engine.
In erther case, adjustment of the surface changes the area of
the constricted section open to air passing through the con-
stricted section. As the constricted section 1s widened, the
velocity of the air passing through the constricted section
generally decreases and the suction acting upon the nozzle
decreases.

In some embodiments, to increase the amount of fuel pro-
vided to air passing through the constricted section as the area
of the constricted section widens, restriction 1n the first vent
614 1s increased, decreasing the amount of outside air flowing,
to the well while increasing the amount of fuel from the bowl
flowing to the well. In other contemplated embodiments,
restriction between the bowl and the well 1s decreased in
response to an increase 1n the area through the constricted
section. In still other contemplated embodiments, air pressure
1s increased 1n the bowl to push more fuel 1n the bowl 1nto the
well 1n response to an increase 1n the area through the con-
stricted section. In other embodiments, components that con-
trol the amount of fuel injected into the air flowing through
the constricted section are otherwise adjusted in response a
change 1n area through the constricted section.
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Still referring to FIGS. 8-9, a shait (see, e.g., shait 524 as
shown 1n FIG. 7) that provides a adjustable surface of the
constricted section of the carburetor 610 1s also associated

with the first vent 614. In some such embodiments, a portion
618 of the shaft includes a surface 620 of a variable restrictor
622 coupled to the first vent 614. Rotation or translation of the
shaft to change the area of the constricted section of the
carburetor 610 simultaneously causes the shait to change the
degree of restriction provided by the variable restrictor 622 of

the first vent 614. In some embodiments, as the area of the
constricted section increases, the amount of restriction 1n the
first vent 614 also increases, and vice versa. In other contem-
plated embodiments, arestrictor for the first vent not a portion
of the shaftt, but 1s mechanically coupled to the shait, such as
by gearing or cams.

Referring now to FIGS. 10-11, a carburetor system 710 for
an engine 1ncludes a constricted section 712. The constricted
section 712 1s at least partially formed from a surface 714 that
1s adjustable. According to an exemplary embodiment, the
surface 714 1s formed from a contour (e.g., non-circular por-
tion) of a shait 716. As the shait 716 moved relative to a tlow
path through the constricted section 712, the surface 714
protrudes into the constricted section 712 by a different
amount, changing the area through the constricted section
712.

According to an exemplary embodiment, the carburetor
system 710 further includes an actuator 718 coupled to the
shaft 716, which 1s configured to move the shaft 716 as a
function of loading on the engine. In some embodiments, the
actuator 718 1s pressure-sensitive (e.g., piston and rod; dia-
phragm) and is coupled to the engine such that the actuator
718, which 1s 1n communication with vacuum pressure of the
engine. Vacuum pressure of the engine 1s related to loading of
the engine. In some embodiments, the actuator 718 1s coupled
to the flow path through the carburetor system 710, following,
the constricted section 712. In other embodiments, the actua-
tor 718 1s coupled to the crankcase.

During operation, a spring 720 may bias the shaft 716 so
that the surface 714 forming a portion of the constricted
section 712 1s 1n a first configuration, which corresponds to a
narrower opening through the constricted section 712. If
loading on the engine 1increases and vacuum pressure of the
engine mcreases (1.€., venturi pressure decreases and vacuum
increase), then the actuator 718 will overcome the spring 720,
moving the shaft 716 to a second configuration, which corre-
sponds to a wider constricted section 712. The wider con-
stricted section 712 allows for more air to flow through the
carburetor system 710 to increase the combustion processes
and provide a greater output for the engine. When the loading
1s reduced and upon engine startup, the spring 720 will bias
the shaft 716 into the first configuration.

In some embodiments, a locking system 1s used with the
carburetor system 710 to prevent the shaft 716 from rotating
when a throttle plate (see, e.g., throttle plate 518 as shown 1n
FIG. 7) of the carburetor system 710 1s not in a wide-open
throttle configuration. In some embodiments, the carburetor
system 710 may allow for a manual override of the actuator
718, such as by a power-boost button linked to the shait 716.
In some embodiments, the shaft 716 or the actuator 718 may
be coupled to a vaniable restrictor associated with vents to a
well or bowl of the carburetor system 710 (see, e.g., first and
second vents 614, 616 as shown 1in FIGS. 8-9). In some
embodiments, the surface 714 of the shaft 716 may be shaped
as a segment ol a spiral such that the area of the constricted
section 712 1s continuously varniable. In contemplated
embodiments, a bar, plate, or other structure may include a
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contoured surface that translates relative to the flow path
through the carburetor system 710, to change the area of the
constricted section 712.

The construction and arrangements of the carburetor sys-
tem, as shown in the various exemplary embodiments, are
illustrative only. Although only a few embodiments have been
described 1n detail 1n this disclosure, many modifications are
possible (e.g., vanations in sizes, dimensions, structures,
shapes and proportions of the various elements, values of
parameters, mounting arrangements, use of materials, colors,
orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter
described herein. Some elements shown as integrally formed
may be constructed of multiple parts or elements, the position
of elements may be reversed or otherwise varied, and the
nature or number of discrete elements or positions may be
altered or varied. The order or sequence of any process, logi-
cal algorithm, or method steps may be varied or re-sequenced
according to alternative embodiments. Other substitutions,
modifications, changes and omissions may also be made in
the design, operating conditions and arrangement of the vari-
ous exemplary embodiments without departing from the
scope of the present invention.

What 1s claimed 1s:

1. An engine, comprising:

a Tuel tank;

a well configured to hold tuel delivered from the fuel tank;

an air intake;

a combustion chamber;

a passageway configured to channel air from the air intake
to the combustion chamber, wherein the passageway
comprises a surface at least partially defining a con-
stricted section of the passageway, and wherein the sur-
face 1s configured to be adjusted to change the area of the
passageway through the constricted section;

a nozzle in fluid communication with the well and directed
into the passageway proximate to the constricted sec-
tion, whereby the constricted section of the passageway
provides a relative low pressure 1n air passing through
the passageway that draws fuel from the nozzle to the air;

a vent configured to connect the well with outside air; and

a variable restrictor configured to limit the connection pro-
vided by the vent between the well and outside air,
wherein the degree of restriction provided by the vari-
able restrictor 1s a function of the area of the constricted
section of the passageway.

2. The engine of claim 1, wherein the vanable restrictor 1s
configured to increasingly restrict the vent as the area of the
constricted section of the passageway increases.

3. The engine of claim 2, wherein the varniable restrictor 1s
mechanically coupled to the surface at least partially defining
the constricted section of the passageway.

4. The engine of claam 2, further comprising a shait,
wherein the surface comprises a contour on the shaft, and
wherein the surface 1s adjusted by moving the contour relative
to the passageway.

5. The engine of claim 4, wherein the variable restrictor
comprises a second portion of the shaft, whereby rotation of
the shaft simultaneously adjusts the area of the constricted
section and the degree of restriction provided by the vaniable
restrictor.

6. The engine of claim 1, further comprising a manual
control for adjusting the surface to change the area of the
constricted section from outside of the engine.

7. The engine of claim 1, further comprising a controller
configured to operate the surface as a function of engine load.
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8. The engine of claim 7, wherein the controller comprises
an actuator that 1s pressure-sensitive and configured to be
responsive to changes 1n vacuum pressure of the engine.

9. The engine of claim 8, wherein the actuator 1s coupled to
the passageway further from the air intake than the con-
stricted section 1s from the air intake.

10. Outdoor power equipment, comprising:

a frame;
wheels coupled to the frame;

a fuel tank:
an engine mounted to the frame, comprising:
an air intake:

a combustion chamber;
a passageway configured to channel air from the air

intake to the combustion chamber, wherein the pas-
sageway comprises a surface at least partially defining
a constricted section of the passageway, and wherein
the surface 1s configured to be adjusted to change the
area of the passageway through the constricted sec-
tion;

a well configured to hold fuel delivered to the well from
the fuel tank:

a nozzle in flmd communication with the well and
directed 1nto the passageway proximate to the con-
stricted section of the passageway, whereby the con-
stricted section of the passageway provides a relative
low pressure 1n air passing through the passageway
that draws fuel from the nozzle to the air;

a rotating tool driven by the engine;

a control interface configured to allow an operator to adjust
the surface at least partially defining the constricted
section of the passageway when the engine 1s 1n a wide-
open throttle configuration, thereby changing the area of
the passageway through the constricted section.

11. The outdoor power equipment of claim 10, wherein the

engine further comprises:

a shait, wherein the surface at least partially defining the
constricted section of the passageway comprises a con-
tour on the shaft; and
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a throttle plate located along the passageway and having a

cam coupled thereto, wherein the cam interferes with the

shaft, preventing rotation of the shaft when the throttle

plate 1s oriented to partially close the passageway.

12. Outdoor power equipment, comprising:
a frame;:

d

wheels coupled to the frame;
fuel tank;

an engine mounted to the frame, comprising:

an air intake;

a combustion chamber;

a passageway configured to channel air from the air
intake to the combustion chamber, wherein the pas-
sageway comprises a surface at least partially defining
a constricted section of the passageway, and wherein
the surface 1s configured to be adjusted to change the
area of the passageway through the constricted sec-
tion;

a well configured to hold fuel delivered to the well from
the fuel tank:

a nozzle m fluid communication with the well and
directed into the passageway proximate to the con-
stricted section of the passageway, whereby the con-
stricted section of the passageway provides a relative
low pressure 1n air passing through the passageway
that draws fuel from the nozzle to the air;

a rotating tool driven by the engine;
a control interface configured to allow an operator to adjust

the surface at least partially defining the constricted
section of the passageway when the engine 1s 1n a wide-
open throttle configuration, thereby changing the area of
the passageway through the constricted section; and

a locking system, wherein when the engine 1s not 1n the

wide-open throttle configuration the control interface 1s

locked by the locking system, preventing the operator
from being able to adjust the surface.
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